The present study was aimed at bridging the gaps in the knowledge concerning heavy metals (Pb, Cd, Cr, Ni, Zn, Cu, Mn and Fe) concentrations in the groundwaters of the Ntem watershed in Yaoundé.
INTRODUCTION
Environmental pollution management is a major challenge in many cities of sub-Saharan Africa in general and in Yaoundé in particular. Since 50 years, the population of Yaoundé has experienced an explosive growth, averagely 4%/year (Nguendo ) . Between 1957 and 2005, the population increased from 58,099 to 1,817,524 (Zogning Moffo city of Yaoundé by the public water distribution network can satisfy less than 65% of the city's needs, with the rest of the population using groundwater from wells/springs.
There are very limited investigations on the quality of these water sources, as their heavy metal status is not very well quantified.
The present study investigated the heavy metal concentrations (Cd, Pb, Cr, Ni, Zn, Mn, Cu and Fe) in groundwaters of the Ntem urban watershed in Yaoundé.
MATERIALS AND METHODS

Study area
The city town of Yaoundé (Figure 1 ) is built on a hilly site and valleys, and is exposed to many natural hazards (mass The mean annual temperature is 24.23 W C. The primary vegetation, which was formerly equatorial forest, has been transformed by urbanization into tertiary forests. The geology of Yaoundé reveals the existence of metamorphic rocks, constituted of gneiss. In the Ntem drainage basin, the hydrogeology is characterized by a shallow aquifer overlying a deep aquifer reposing on faulted gneiss (Kalla ).
Groundwater sampling procedure
A total of 25 representative groundwater samples were collected from five hand dug wells located at the selected sites P1, P2, P3, P4 and P5 in the watershed (Figure 2 ).
Sampling sites were selected from different topographic levels (P1, P2, P3 and P4 were located at a slope of <3%; P5 was at mid-slope <20%), and according to the site proximity to pollution sources: and Ntem river tributary (P2 and P3).
One more important criteria was the proximity of sampling sites to water points that are most solicited by the populations.
Plastic bottles of 500 ml capacity (previously rinsed with distilled water and sterilized with alcohol), were used to collect water samples as previously described by Rodier et al. () .
In each well, water samples were collected at 30 cm below the water table. In each sample, a 0.1 N solution of HCl was added to avoid complexation of ions. The samples were stored in a cooler (at 4 degrees Celsius) and transported to the laboratory and kept in a refrigerator for analysis.
Determination of heavy metal concentrations in groundwater samples in the laboratory
Total Pb, Cd, Cr and Ni were primarily extracted by the digestion method with diacid. Briefly, 50 ml groundwater sample was put in a 250 ml conical flask, and 15 ml of diacid (9 V:4 V ratio of Perchloric acid and Nitric acid) was added. The mixture was heated on a hot plate for 1 hour until digestion was completed (with the appearance of a white and dense smoke). Usually, cations and anions in groundwater are analysed only after 0.45 μm filtering. In the specific case of this study, groundwater samples were not filtered when sampling, but conserved as collected (with possible content of some soil particles and organics) in the field for further processing in the laboratory (digestion and analytical results in an atomic absorption spectrophotometer (AAS)). The aim was to estimate the total content of heavy metals in these groundwater resources, usually collected by the riparians (especially poor families without access to the public water network) and used for their needs without any particular treatment (filtration). The digestion method was used to recover the total amount of metal ions that are free in water samples, as well as those bonded to different solid matrices, to assess the exact concentrations of metals that may affect the health of the users of these groundwaters.
Digested samples were therefore cooled down for 30 minutes.
Thereafter, the conical flasks were washed out and their contents were transferred by filtration (Wathman paper No. 42) in 50 mL volumetric flasks. Then, the volume was made up to 50 ml with distilled water. The determination of heavy metal concentrations in samples is performed with an AAS after calibration of the device with standard solutions. The results obtained were reported as mg/L. Equally, total micronutrient (Zn, Cu, Mn, and Fe) extraction was performed using the Mehlich 3 procedure (Mehlich ) and was determined by AAS after filtration.
Data evaluation and analysis
The calculation of the mean concentration and standard deviation values of heavy metals was performed using MS Excel.
Spatial distribution of heavy metals in groundwaters in the Ntem watershed
The deterministic interpolation techniques, creating surfaces from measured points, based on inverse distance weighted, were used to perform the spatial distribution of heavy metal concentrations in groundwaters using ArcGIS 10.0. These geostatistical analyst tools were used to explore data, test spatial interpolation methods, analyse spatial distribution and autocorrelation of heavy metal concentrations, and finally to predict and map heavy metal concentrations.
Assessment of health risks associated with metals using water pollution index and USEPA health risk assessment model
Water pollution index or water quality index method. The weighted arithmetic water quality index (WQI) method classifies water quality according to the degree of purity by using the most commonly measured water quality variables. The method has been widely used in previous works, and the calculation of WQI was made using the following equation (Mohan et al. ) :
The quality rating scale (Qi) for each parameter is calculated by using this expression:
Vi, Ii and Si are the monitored heavy metal, ideal (assumed equal to zero in this study: Ii ¼ 0, except pH ¼ 7.0 and DO ¼ 14.6 mg/L), and standard values of the i th metal, respectively, i measured in the groundwater, and the unit weight (Wi) for each water quality parameter is calculated by using the following formula:
where k is the proportionality constant and can also be calculated by using the following equation:
where Si is the recommended standard value (norm) of the i th metal measured in the groundwater, n ¼ 8 is the number of metals studied. 
The parameters of the estimation of ADD are given in Table 2 . The chronic daily intake (CDI) in the present study was calculated using the following expression (Muhammed et al.
):
where Ci, DI, and BW represent the concentration of heavy metal in the water samples (mg/L), average daily intake rate (2.2 L/day), and body weight (70 kg), respectively.
RESULTS AND DISCUSSIONS
Heavy metal distribution in groundwater Tamil Nadu, India, except for Pb, which concentrations were above the permissible limit for drinking water. They have associated the source of pollution to the presence of an improper solid waste dumpsite with special reference to heavy metal pollution.
The spatial distribution characteristics of heavy metals
The spatial distributions of Pb, Cd, Cr and Ni in groundwaters are presented in Figure 3 . Similarly, 100% of the surfaces of the groundwaters were covered by concentrations of Cr and Ni ranged above the norms. Table 5 . Table 5 shows an excellent water quality for sampling 
Health risk assessment
The health risk was assessed in relation to its non-carcinogenic (HI) as well as carcinogenic effects based on the calculation of ADD estimates and defined toxicity according to the following relationships (US EPA IRIS )
The non-carcinogenic HQ and HI are reported in Table 6 .
According to The results are presented in Table 7 .
The ADD values ranged from 0.00306 to 0.00944, 
